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Introduction
Surgical antibiotic prophylaxis (SAP) is a very brief course of antibiotics initiated closely before the start of operative procedures to reduce postoperative surgical site infections (SSIs) [1] . SSI is one of the major complications of operative procedures and is also among the most common nosocomial infections [2] . SSI denotes a significant burden in terms of morbidity, mortality and healthcare costs [3] .
Guidelines based on high-quality studies had indicated that appropriate surgical antimicrobial prophylaxis is among the effective measures for preventing SSI [4] . For optimal benefit, determining the appropriate indication, selecting agent that covers the likely pathogen on wound contamination, and administering sufficient bactericidal concentrations during the whole period that the incision is open for risk of bacterial contamination is required [4, 5] .
Previous studies of antibiotic prophylaxis usage have shown wide variation in compliance to guidelines [6] . Selection, timing and duration of antimicrobial prophylaxis use showed high noncompliance whereas indication and dose were relatively more satisfactory parameters [6, 7] . The variation in practice across different setups could be attributed to the variation in the published guidelines, the lack of acceptance of the guideline among the surgeons, and the lack of awareness and availability of the guideline to service delivering professionals or setups [6, 8] .
Including our country, findings from different countries had reported that guideline compliance was poor and thus SAP was used inappropriately [7] [8] [9] [10] . Thus, inappropriate use of surgical antibiotics has to be well-thought-out in order to achieve an overall reduction in morbidity, mortality and healthcare cost. One study done at Jimma University teaching hospital (southwestern Ethiopia) tried to assess the likely factors for poor preoperative timing and duration [10] . Another study in Ayder referral hospital (northern Ethiopia) investigated the guideline compliance regardless of assessing the contributing factors. The current study is a hybrid of the two methods in that it not only addresses the guideline compliance but also tried to assess the likely factors contributing to guideline non-adherence for drug selection, preoperative timing and duration of SAP.
The assessment of SAP utilization was done in comparison to the guidelines in the area. Since there was no local data like antibiogram, institutional resistance patterns or guideline prepared by the hospital, adherence was assessed based on the country's national Standard Treatment Guideline (STG) [5] and the American Society of Health-System Pharmacists (ASHP) guideline [4] .
This study was done to identify gaps and set appropriate recommendations to improve future utilization of surgical antimicrobial prophylaxis. Hence it was aimed at evaluating the selection, timing and duration of prophylactic antibiotic administration among surgical patients in Nekmte Referral Hospital (NRH). The study can be used for guiding the hospital decision on surgical antibiotic usage and for policy direction. It can also be inferred for future surveys in similar setups.
Methods

Study setting and period
The study was conducted in the surgical wards of NRH during the period from 1 st April to 30 th June 2017, for three consecutive months. Nekmte is located at 331 km to west of Addis Ababa. The hospital has different departments and wards like the outpatient department (OPD), medical wards, gynecology and obstetrics ward, pediatrics ward and general surgical wards. The general surgical ward has 49 beds with a 14 bed separated orthopedic ward. Almost all the recording systems of the hospital during the study period were carried out manually.
Study design
A 3-month long facility based cross-sectional study was employed to assess SAP usage.
Study population
All patients attending the gynecologic and obstetrics, general surgical and orthopedic wards during the study period were considered as the study population and those that fulfill the inclusion criteria were included.
Inclusion criteria
Using a convenient sampling method 153 adult patients who underwent surgical procedures in NRH during the study period were addressed based on the following criteria. Inclusion criteria
• Adult surgical patients
• Clean, clean-contaminated and contaminated procedures
• Prophylactic antibiotic use
• General surgical, orthopedic and gynecology wards Exclusion criteria
• Pediatrics (<18 years old)
• Dirty procedures
• Therapeutic and other non-surgical prophylaxis uses
• Emergency OPD and emergency obstetrics wards
• Presence of infection and/or antibiotics before surgery
Study variables
Dependent variables.
• Compliance with surgical antibiotic usage to the national and International guidelines Independent variables.
• Socio-demographic factors like sex and age
• Patient medical conditions
• Perioperative characteristics
• Antibiotic regimens
• Demographics of antibiotic providers
Data collection process
Data abstraction format was prepared based on previously published studies [7, 9, 10] . It was pretested on 15 patients, modified accordingly and used for data collection. The data abstraction format was divided into five sections. (1) Patient demographic and medical data, (2) surgical data (class of surgery, type of surgery, time of incision, shift surgery is done, duration of surgery, wound class, type of ward and length of hospital stay), (3) SAP usage data (antibiotic name, dose, frequency, preoperative administration time relative to incision and duration of prophylactic administration), (4) surgical antibiotic providers data (provider profession, sex, age and experience). Then finally (5) appropriate SAP usage assessment lists (indication, selection, duration, and timing) were noted. Based on this, all relevant data were collected from patients' medical records. After data collection, however, there are some important variables that were excluded from the analysis because of incomplete recording on the patient cards and/or inconsistent data abstraction from the patient medical record. These were relevant comorbidities, re-dose timing, and post-surgical infection status. Wound classification was performed with the consultation of a pre-informed surgeon. Data were collected by four trained nurses working in the hospital, under the supervision of the principal investigator.
Data interpretation
The CDC wound classification [11] was used to categorize operative procedures into clean, clean-contaminated and contaminated. The appropriateness of SAP use was assessed against national STG and one of the most internationally recognized reputable guideline, ASHP [4, 5] . The two guidelines, in fact, differ in some major respects. For instance, the ASHP guideline independently presents evidenced-based recommendations on antimicrobial usage in surgery; however, the Ethiopian STG presented a brief summary of 'antimicrobial usage in surgery' as a subtopic under its first chapter and it is also poor in evidencing its recommendation. They also have overlapping recommendations. Supplementary data on the recommendation of the two guidelines for the major surgical categories is available as supporting information [S1 File].
The appropriateness was evaluated with regard to the necessity for SAP use (indication), choice of antibiotic (selection), preoperative timing (timing) and total duration of prophylaxis (duration). If more than one drug was given, the regimen as a whole is considered for evaluation. Thus any deviation from the guideline of one or both of the antibiotics would lead to a final report of noncompliance with the guidelines recommendation. If an antibiotic was given while it was not indicated, the parameter of antibiotic selection was not evaluated. Regardless of this the timing and duration compliance were assessed for all antibiotics administered. The timing of administration was analyzed as in the intervals before and after incision.
Statistical analysis
The collected data for any deficit was checked and cleaned prior to data entry. Data were coded, cleaned, entered and analyzed with SPSS for Windows version 21.0. Descriptive statistics, such as medians, interquartile ranges (IQR) and percentages were used to summarize patient characteristics. Factors affecting compliance were assessed using a binary logistic regression model. Those variables that had an association (p<0.05) in the univariate model were entered into the final multiple bin ary logistic regression models. The odds ratio was used to report the statistical association. The association was declared at P<0.05.
Operational definitions
The surgical antibiotic administration was considered (1) early preoperative administration if given earlier than 60 minutes before skin incision, (2) preoperative if within 60 minutes before skin incision, (3) perioperative if within 3 hours after skin incision and (4) postoperative if after 3 hours after skin incision. SAP selection was said to be (1) adequate/compliant: if the drug/s were namely recommended by the guideline, (2) narrow: when only one of the drug recommended by the guideline is used, and (3) broader: when extra drug is added to the guideline recommendation (4) unrelated: if the drug name is not part of the recommendation list regardless of its relatedness to the recommended list or regardless of its spectrum of coverage.
Ethical consideration
Ethical approval for the protocol was obtained from the Ethics Committee of the Department of Pharmacy, College of Health Sciences, Wollega University. In addition, the hospital management was requested officially for permission to conduct the study. Furthermore, the research was undertaken after receiving oral consent from the patients and the health professionals attending the patient during the study period. To ensure confidentiality, name and other identifiers of patients and prescribers were not recorded on the data abstraction instruments. The collected data was kept in a locked cabinet and only the researchers had access.
Result
Socio-demographic characteristics of study participants
Medical records of 153 surgical patients administered with a prophylactic antibiotic were followed and evaluated. The median age of the study participants was 35.0 (IQR: 25-50) years. Males account for 58.8% of the study participants. The median hospitalization period was 8.0 days (IQR: 5-11 days). About 97% of the patients were discharged with improvement. Majority of the participants were from the general surgical ward (60.1%) ( Table 1) . 
SAP provider demographics
Antibiotic prophylaxis was administered by nurses in all except one. The majority of them (76.5%) were females. Above half of the providers were in the age range of 30-40 years and most of them had an experience of 8-10 years (Table 2 ).
Perioperative characteristics of surgical patients
Most of the surgical cases were gastrointestinal (39.2%) followed by gynecology and obstetrics (15.7%). Majority of the procedures were clean (40.7%), followed by clean-contaminated (32%). Thirteen (8.5%) patients had a urinary catheter. Most of the surgical procedures took 1-2 hours (56.2%) and about 67% of the procedures were performed in the morning. Sixtyeight (44.4%) of the patients took antibiotics for 2-5 days and less than a quarter (20.9%) of the patients took for not greater than a day. About 80% of the antibiotics were started before surgical incision and above half of the patients took preoperatively, within one hour of surgical incision (Table 3) .
Surgical type and procedures
Sixty (39.2%) surgical cases were gastrointestinal. Appendicitis is the most common gastrointestinal diagnosis (19/60), followed by colorectal cases (17/60) making an appendectomy the most frequently performed gastrointestinal procedure. Among the 38 gynecology and obstetrics case, 33 were gynecologic only (17 utero-vaginal prolapses). Out of 24 orthopedic procedures, 23 were different types of fractures. Eight external fixations and seven open reduction and internal fixations (ORIF) were the most commonly performed orthopedic procedures. Among the 16 urologic procedures, 12 were Prostatectomy followed by 3 hydrocelectomy procedures (Table 4) .
Antibiotics used for prophylaxis
About 59% of patients took a single prophylactic drug and about 39% took a combination of two drugs. Namely, about 84% of the participants received ceftriaxone. Metronidazole (35.3%) is the second most prescribed prophylactic antimicrobial followed by ampicillin (19.6%) ( Table 5) .
SAP compliance to the guidelines
About 20% of the prophylactic drugs were given for cases that lack specific recommendation as per the ASHP guideline. Among the remaining (80.4%) recommended indications, only 10.6% of the selections were adequate/compliant with the guideline recommendation. Majority of the (67.5%) selections were unrelated to the recommendations and 19.5% were unnecessarily broader than the guideline recommendations. On the other hand, all of the administrations were non-concordant to the Ethiopian national STG for general hospitals (Table 6) . If cefazolin is available more than half of the cases (67 (53.2%) of STG and 75 (61.0%) of ASHP) will be managed with cefazolin alone as per the guideline recommendations. In combination with other antibiotics, cefazolin can further be the option for 55 (43.7%) of the cases as per the STG and 44 (35.8%) of the cases as per the ASHP guideline recommendations. Generally, about 97% of the cases need cefazolin as per the guideline recommendations (Fig 1) . 
SAP duration and preoperative timing
Majority of the prophylactic antibiotics were administered for greater than 24 hours (75.8%) and about 48% of the administrations were not given in the appropriate preoperative period of within 0 to 60 minutes before incision as recommended by the guidelines (52.3) ( Table 7) .
Factors affecting timing and duration of SAP
Factors affecting the timing of SAP administration. In the univariate model sex of the patient, surgery type, ward, wound class, duration of prophylaxis administration, and sex and Small bowel (7) Small bowel obstruction (6), R+A (6),
Hernia (4) Hernia (4) Herniorrhaphy (4) Colorectal ( 
(15.7)
Gangrene (1) Amputation
Urologic surgery 16 (10.5)
BPH (12) Prostatectomy (12) Hydrocele (3) Hydrocelecectomy (3) Hydronephrosis ( experience of the provider does have an association with preoperative SAP administration timing at a p-value of less than 0.05 (Table 8) .
Using those variables that had a p value of less than 0.05 in the univariate analysis emergent surgery procedures (AOR = 2.89, 95% CI: (1.09-9.10) and being a male patient (AOR = 3.10, 95% CI: 1.07-8.98) were the two factors that were independently associated with the inappropriate timing of a prophylactic administration as per the guidelines (Table 9) .
Factors associated with greater than 24 hour SAP use duration. In the univariate model sex of the patient, surgery type, ward, length of stay and sex and experience of the provider does have an association with prolonged prophylaxis administration at a p-value of less than 0.05 (Table 10) .
Using those variables that had a p value of less than 0.05 in the univariate analysis, only ward of admission had an independent association with SAP use duration. Patients admitted 
Prophylactic antibiotic use duration (n = 153)
Median (interquartile range) (days) 5.0 (3-7)
https://doi.org/10.1371/journal.pone.0203523.t005 Antibiotic usage in surgical prophylaxis to gynecology and obstetrics ward were more likely to receive SAP for less than or equal to 24 hour days (AOR = 0.07, 95% CI: 0.01-0.81) than patients admitted to orthopedic ward (Table 11) .
Discussion
In this study, the median hospitalization period of the study participants was 8.0 days (IQR 5-11 days) and about 97% of the patients being discharged with improvement ( Table 1) . Most of the surgical cases were gastrointestinal (39.2%) followed by gynecology and obstetrics Antibiotic usage in surgical prophylaxis (15.7%). Majority of the procedures were clean (40.7%) followed by clean-contaminated (32%). Thirteen (8.5%) patients had a urinary catheter. Most of the surgical procedures took 1-2 hours (56.2%) and about 67% of the procedures were performed in the morning (Table 4) . Antibiotic usage in surgical prophylaxis
In our study, nurses administered the antibiotic prophylaxis in all but one case, in contrast to a similar Palestinian study where nurses account 35.5% [9] . The majority of nurses were females (76.5%) and all had 8 or more years of experience. Although not seen in this study, the Palestine study had shown the association of the health providers' variables with appropriate surgical prophylaxis usage [9] .
Similar to studies in Ayder referral hospital (19.4%) [7] and in Nicaragua (23%) [12] , in this study, 19.6% of the prophylactic antibiotics were given without indication as per the ASHP guideline [4, 5] . Among the remaining (80.4%) recommended indications, only 10.6% of the selections were adequate/compliant to the ASHP guideline recommendation. Majority of the (67.5%) administrations were unrelated to the recommendations and 19.5% were unnecessarily broader than the guideline recommendations. On the other hand, all of the prophylactic selections were non-concordant to the Ethiopian national STG for general hospitals. Similar evidence is noted from Ayder referral hospital report [7] .
Ceftriaxone was excessively and inappropriately used for SAP in our study site, NRH. Comparable to Ayder study [7] about 84% of the participants were given ceftriaxone despite the drug is not mentioned in the national STG of the country. As per the ASHP, ceftriaxone is recommended only for high-risk biliary tract procedures and for colorectal surgery. This is because being a broad spectrum drug ceftriaxone can induce emergency of resistance more likely than cefazolin and other widely used surgical prophylactic drugs. Of the patients (n = 123) to whom surgical prophylaxis was indicated and administered; 89.4% (67.5% unrelated to the recommendations, 19.5% broader and 2.4% narrower than the guideline recommendations) of the selections were inappropriate. This supports the study of Ayder (north Ethiopia) (89.5%) [7] and Iran (92.5%) [13] but higher than studies from Sudan (64.4%) [14] , Qatar (31.5%) [15] and Nicaragua (66.8%) [12] .
In this study, one of the reported reasons for noncompliance was the use of agents that were unrelated to the SAP guideline recommendation. In addition, about 20% of the cases contain extra combinational drugs on the recommended regimen. Most of the unrelated cases were also much broader than the recommended prophylactic agent or had an unnecessary combination. Probably this may be because of the wrong generalization that broad/combination antibiotics are more effective in averting SSIs.
This research finding indicated that surgical antibiotics commonly practiced in NRH were neither part of the STG of the country nor the primary choice of the international guidelines. Analogous reports were noted in similar studies conducted in different areas of the country [7, 10] . Therefore, what one should be skeptical to our country context is that some common custom on broad-spectrum antibiotic use has been held and communicated across (probably) all hospitals of the country that should be further investigated and intervened as soon as possible. Probably, another factor to be investigated in line with this issue is the availability of the recommended drugs and the reasons behind in the given facility. For instance, in this case, despite cefazolin is available in the country, the NRH drug list does not contain it. If cefazolin was available it can be one of the options for about 97% of the surgical cases as per the guideline recommendation. In support of this, a study from Jordan [16] found that 68.1% of inappropriate antimicrobial selections for surgical prophylaxis were attributed to drug unavailability.
Despite the availability of first choice drugs, surgeons had been reported to fail to comply with the guideline recommendations. Some of the reasons mentioned as a barrier to adherence to the guideline were lack of agreement of surgeon's with guideline recommendations, lack of awareness of appropriate guidelines, and logistic limitations in the surgical wards [8] .
Another common failure to guidelines compliance investigated in this study was prolonged surgical prophylaxis administration duration beyond the recommendation. Although the guidelines promote to end prophylactic administration within 24 hours [4, 5] , 44.4% of the administrations continued for up to five days. Comparable results were reported from a study in Iran (46%) [13] , and in southwestern Ethiopia (50.7%) [10] . To be specific, in this study only less than a quarter (20.9%) of the patients' discontinued surgical antibiotics within a day. About 79% of the remaining antibiotics were given for greater than a day, without any reason. This result is comparable with studies in Nicaragua (78.4%) [12] and Sudan (97%) [14] , but much higher than a study in Malaysia (20%) [17] . Guidelines basing on high-quality studies identified that prolonged use of antimicrobials may contribute to bacterial resistance; urging our setup to reconsider guideline-concordant use [4] .
In this study, another area of focus that needs improvement as per the guideline recommendation was initial (preoperative) timing of surgical antimicrobial prophylaxis. About 48% of the prophylactic administrations were not given in the preoperative time range (within 60 minutes of surgical incision). Prophylactic antibiotics are more effective if administered as close as to skin incision time; especially within one hour before skin incision [4, 5] . In this study, only 80 (52.3%) patients got administered within 60 minutes before skin incision. A similar finding was obtained from studies of Jimma University Specialized Hospital (56%) [10] and India [18] Among the three factors assessed for guideline compliance, an inappropriate selection was not considered for association test because all of the selections are inappropriate as per the national STG and only colorectal surgery selections are found appropriate as per the ASHP guideline. The remaining two variables, duration, and preoperative timing were assessed. As a result, patients admitted to gynecology and obstetrics ward were more likely to receive prophylaxis for less than or equal to 24 hours (AOR = 0.07, 95% CI: 0.01-0.81) than patients admitted to the orthopedic ward. This finding was shared with a study done in the west bank, Palestine [9] , in which case gynecology and obstetrics department had much better adherence to the antibiotic duration guideline. On the other hand, emergent surgery procedures (AOR = 2.89, 95% CI: 1.09-9.10) and being a male patient (AOR = 3.10, 95% CI: 1.07-8.98) were the two factors that were associated with the inappropriate preoperative timing of a prophylactic administration. Emergency procedures may put the health workers under psychological or empathic stress. In addition, multiple care requirements in emergent procedures may probably result in poor timing. This implies that these patients should be the focus of care and the health professionals working in this area should be adequately trained on how to handle emergency conditions. We were unable to identify other studies where sex is associated with rate of antibiotic compliance, and potential reasons for this are worth future investigation.
Despite this study is a three-month-long institution based cross-sectional study, the findings should be interpreted in light of the resultant limitations. Primarily, since it is a conveniently sampled observational study, selection bias may be introduced during sampling. In addition misclassification of the wound type may also be likely. Furthermore, the study was performed in an institution with a relatively small sample size. This would limit the generalizability of the study to other areas. In addition, the current study did not consider some important parameters of SAP namely route, dose and redosing. The dose and the route of administration might not be as such critical because these issues were usually more concordant with the guideline recommendations in our country context too [7] . Redosing might be not critical in this study where ceftriaxone was the most used drug with a long half-life. Although the use of multivariate analysis helped to control substantial confounding variables, data related to the baseline characteristics, such as medical comorbidities (including diabetes, obesity etc), body mass index, medications (like steroids, immunosuppressants), baseline nutritional status, smoking status etc. were not reported in his study. These are known risk factors for infection and could influence provider decisions regarding antibiotic prophylaxis regimen. Furthermore, most of the data were retrieved from the medical records in which the accuracy of the data depends on the recording quality. Therefore, all these might have affected the outcomes and thus future studies should take these variables into consideration.
Conclusion
In conclusion, the selection and duration of prophylactic antibiotic administration were far below the guideline recommendation but the preoperative timing was about half times compliant [S6 and S7 Tables]. The timing of surgical antimicrobial prophylaxis was most likely to be inappropriate for male patients and patients in emergent surgery [S9 Table] . Patients admitted to the gynecology and obstetrics ward were more likely to comply with the antimicrobial duration recommendation [S11 Table] . Availability and awareness creation on the antibiotic drugs and the guidelines were important interventions for appropriate surgical antimicrobial use. Therefore, healthcare administration and other concerned authorities should work to improve the availability of antibiotics and ensure compliant use in accordance with guidelines. Future researches should focus on addressing easily modifiable and worthwhile issues to the clinical practice like availability of recommended antibiotics in the given setting and physician reasons for antibiotic selection. 
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